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Description 



STRUCTURE AND METHOD OF MAKING 
STRAINED SEMICONDUCTOR CMOS 

TRANSISTORS HAVING 
LATTICE-MISMATCHED SOURCE AND 
DRAIN REGIONS 

Background of Invention 

[0001] jhe present invention relates to the fabrication of semi- 
conductor integrated circuits, and more specifically to an 
apparatus and method of making strained semiconductor 
complementary metal oxide semiconductor (CMOS) tran- 
sistors having lattice-mismatched source and drain re- 
gions. 

[0002] B 0 th theoretical and empirical studies have demonstrated 
that carrier mobility with a transistor is greatly increased 
when a strain is applied to the transistor's conduction 
channel. In p-type field effect transistors, the application 
of a compressive longitudinal strain to the conduction 



channel is known to increase the drive currents of the 
PFET. However, if that same strain is applied to the con- 
duction channel of an NFET, its performance decreases. 

[0003] it has been proposed to apply a tensile longitudinal strain 
to the conduction channel of an NFET and apply a com- 
pressive longitudinal strain to the conduction channel of a 
PFET. Such proposals have focused on masked processes 
involving the masking of a PFET or NFET portion of the 
chip and altering the materials used in shallow trench iso- 
lation regions to apply the strain. The proposals have also 
included masked processes centered on modulating in- 
trinsic stresses present in spacer features. 

[0004] silicon germanium is a desirable lattice-mismatched 

semiconductor for use in forming strained silicon transis- 
tor channels. A strain is created when a first semiconduc- 
tor is grown onto a single-crystal of a second semicon- 
ductor when the two semiconductors are lattice- 
mismatched to each other. Silicon and silicon germanium 
are lattice-mismatched to each other such that the growth 
of one of them onto the other produces a strain which can 
be either tensile or compressive. 

[0005] silicon germanium grows epitaxially on silicon having a 
crystal structure aligned with the silicon crystal structure. 



However, because silicon germanium normally has a 
larger crystal structure than silicon, the epitaxially grown 
silicon germanium becomes internally compressed. 

[0006] | n other proposals using strained silicon, silicon germa- 
nium forms a single-crystal layer of an entire substrate. In 
such case, the silicon germanium layer is known as a re- 
laxed layer, because the strain is released by forming dis- 
locations within the silicon germanium layer. When a sin- 
gle-crystal silicon layer is grown epitaxially on a relaxed 
SiGe crystal region, a tensile strain is produced in the epi- 
taxially grown silicon crystal. This results in improved 
electron mobility, which is capable of improving the per- 
formance of an NFET. 

[0007] However, such technique requires the SiGe to be relaxed, 
which requires that the SiGe layer be very thick, i.e. 0.5 to 
1.0 |jm. Improvements in the mobility of holes is difficult 
to obtain because to do so, the SiGe layer requires a large 
percentage of germanium, which can result in excessive 
dislocations in the SiGe crystal, causing yield problems. 
Further, processing costs can be prohibitive. 

[0008] other techniques such as graded Ge concentration and 
chemical mechanical polishing methods are used to im- 
prove the quality of the films. However, those techniques 



are plagued by high cost and high defect density. 

[0009] Accordingly, it would be desirable to create a strain in the 
channel region of a PFET without the use of a thick SiGe 
crystal region. It would be desirable create a desired strain 
in a channel region of a device using a relatively thin epi- 
taxially grown SiGe. 

[0010] it would further be desirable to create a compressive 

strain to increase hole mobility in the channel region of a 
PFET by growing an epitaxial layer of SiGe in the source 
and drain regions of the PFET. 

[001 1] It would further be desirable to provide a process for ap- 
plying a desired strain in the channel region of a PFET 
without creating the same strain in the channel region of 
the NFET. 
Summary of Invention 

[0012] According to an aspect of the invention, a p-type field ef- 
fect transistor (PFET) and an n-type field effect transistor 
(NFET) of an integrated circuit are provided. A first strain 
is applied to the channel region of the PFET but not the 
NFET via a lattice-mismatched semiconductor layer such 
as silicon germanium disposed in source and drain re- 
gions of only the PFET and not of the NFET. A process of 
making the PFET and NFET is provided. Trenches are 



etched in the areas to become the source and drain re- 
gions of the PFET and a lattice-mismatched silicon ger- 
manium layer is grown epitaxially therein to apply a strain 
to the channel region of the PFET adjacent thereto. 
[0013] | n an aspect of the invention, a layer of silicon can be 
grown over the silicon germanium layer and a salicide 
formed from the layer of silicon to provide low-resistance 
source and drain regions. Simultaneously, the salicide can 
be formed in the gate conductors of the PFET and NFET 
Brief Description of Drawings 

[0014] Figure 1 illustrates a PFET and an NFET according to an 
embodiment of the invention. 

[0015] Figure 2 illustrates a strain profile of a PFET according to 
an embodiment of the invention. 

[0016] Figures 3 through 9 illustrates stages in fabrication of a 
PFET and an NFET according to an embodiment of the in- 
vention. 

[0017] Figures 10 through 15 illustrates stages in fabrication of a 
PFET and an NFET according to another embodiment of 
the invention. 

[0018] Figures 16 through 18 illustrate stages in fabrication of a 
PFET and an NFET according to yet another embodiment 
of the invention. 



Detailed Description 



[0019] Figure 1 illustrates a p-type field effect transistor (PFET) 
and an n-type field effect transistor (NFET) according to 
an embodiment of the invention. As illustrated in Figure 1, 
the PFET 10 and NFET 12 are fabricated in a single-crystal 
semiconductor region 14 of a substrate 16, separated by 
a trench isolation region 17, typically of oxide. The sub- 
strate 16 may either be a bulk substrate or may preferably 
be a semiconductor-on-insulator or silicon-on-insulator 
(SOI) substrate in which a relatively thin layer of a semi- 
conductor is formed over an insulating layer 18. When 
field effect transistors (FETs) are formed in such SOI sub- 
strates, faster switching operation is often achieved than 
otherwise, because junction capacitance between the 
channel region of the transistor and the bulk substrate is 
eliminated. The substrate is preferably a bulk single- 
crystal silicon substrate, and more preferably a silicon SOI 
substrate having a single-crystal silicon region above an 
insulating layer. As described in this and the embodi- 
ments to follow, reference will be made to fabrication of 
transistors within a single-crystal silicon region of a sub- 
strate, as opposed to other types of semiconductors such 
as lll-V compound semiconductors, e.g. gallium arsenide 



(GaAs). 

[0020] As shown in Figure 1, the PFET 10 includes a channel re- 
gion 20 disposed below a polysilicon portion 26 of a gate 
conductor. The polysilicon portion 26 is preferably heavily 

19 -3 

doped to a concentration of about 10 cm . Preferably 
the polysilicon portion 26 includes a p-type dopant such 
as boron for the purpose of matching the workfunction of 
the p-type conduction channel that exists when the PFET 
is turned on in operation. The gate conductor preferably 
also includes a low-resistance portion 28 disposed above 
the polysilicon portion 28. The low-resistance portion 28 
has much less resistance than the polysilicon portion 26, 
and preferably includes a metal, a silicide of a metal, or 
both. In a preferred embodiment, the low-resistance por- 
tion 28 includes a silicide such as a silicide of cobalt (CoSi 

[0021] a pair of silicided raised source-drain regions 11 are dis- 
posed in single-crystal semiconductor regions on sides of 
the gate conductor 26. Each of the raised source-drain 
regions 11 is displaced from the gate conductor 26 by a 
pair of spacers 29, 30. Spacers 29 and 30 are both prefer- 
ably formed of silicon nitride, although spacer 30 can be 
formed of silicon dioxide instead or a combination of lay- 



ers of silicon nitride and silicon dioxide, e.g. silicon 
oxynitride. 

[0022] a first strain is applied to the channel region 20 via a 

buried single-crystal layer 21 of a second semiconductor 
disposed under the source-drain regions 11 of the PFET 
10. The second semiconductor 21 is preferably a lattice- 
mismatched semiconductor incorporating silicon and one 
or more other group IV elements such as carbon (C) or 
germanium (Ge). The second semiconductor layer 21 is 
most preferably silicon germanium. A layer 22 of the first 
semiconductor, preferably being silicon, is disposed above 
the second semiconductor layer 21. Preferably, a low re- 
sistance contact layer 24, preferably being a silicide, is 
disposed above the first semiconductor layer 22. The low- 
resistance layer is preferably a silicide, and more prefer- 
ably a silicide of cobalt, i.e. CoSK 

[0023] The presence of a lattice-mismatched second semicon- 
ductor on sides of the channel region of the PFET 10 pro- 
duces a strain in the channel region 20. Preferably, the 
strain is compressive. Such compressive strain can range 
from a value as low as 50 MPa (megapascals) to several 
GPa (gigapascals). The strain produces a positive effect 
upon mobility of charge carriers within the channel region 



20, which can measure up to several times the mobility of 
a PFET channel region which does not have such strain 
applied thereto. 
[0024] As the first semiconductor is preferably silicon, the lat- 
tice-mismatched second semiconductor is preferably a 
different semiconductor such as silicon germanium or sil- 
icon carbide, and more preferably silicon germanium (Si 
Ge ) where x and y are percentages where x plus y equals 

x y 

100 percent. The ranges of variation between x and y can 
be rather large, y illustratively varying from l%to 99%, 
and in such case, x consequently varying between 99% 
and 1%. 

[0025] Alternatively, the single crystal region of the substrate 14 
may consist essentially of silicon germanium in propor- 
tions according to a first formula Si Ce , where xl and 

xl yl 

yl are percentages where xl + yl = 100%, and the layer 
of the second semiconductor consists essentially of silicon 
germanium in different proportions according to a second 
formula S' x2 Ge , where xl and yl are percentages where 
x2 + y2 = 100%, xl not equal to x2, yl not equal to y2. 
[0026] As also illustrated in Figure 1, an NFET 12 is provided in 
the single-crystal region 14 of the substrate. The NFET 12 
includes a channel region 40 disposed under a heavily 



doped n-type polysilicon portion 42 of a gate conductor 
which, in turn, is disposed under a low-resistance portion 
44 of the NFET 12. The low-resistance portion 44, like the 
low-resistance portion 28 of the PFET 10, can include a 
metal, a silicide, or both, and most preferably includes a 
silicide of cobalt (CoSy. 
[0027] The NFET 12 also includes a pair of low-resistance raised 
source-drain contact regions 46, each preferably includ- 
ing a low-resistance material such as a silicide, most 
preferably a silicide of cobalt (CoSy. Preferably, each of 
the raised source-drain contact regions 46 are spaced 
from the gate conductor portions 42, 44 by a pair of 
spacers 47, 48. Spacer 47 preferably includes silicon ni- 
tride, and spacer 48 preferably includes silicon nitride, 
silicon dioxide or a combination of silicon nitride and sili- 
con dioxide. 

[0028] NFET 12 does not have a first strain applied to the channel 
region 40 thereof, i.e. strain of the type and magnitude of 
the strain that is applied to the channel region 20 of the 
PFET 10. This is because of the following reasons. First, 
the NFET 12 has an n-type conduction channel having 
electrons as the dominant carrier. The NFET 12 has a 
faster switching speed than a PFET 10, when all other 



things are equal, because a PFET has a p-type conduction 
channel having holes rather than electrons as the domi- 
nant carrier. Holes have less mobility than electrons, 
hence the faster switching speed in the NFET 12. Thus, 
the switching speed of the PFET 10 must be increased to 
at least match that of NFET 12. 

[0029] Secondly, the same type of and magnitude of strain can- 
not be applied to both PFET 10 and NFET 12 because it 
would not have the same effect on NFET 12. A high mag- 
nitude compressive strain (e.g 50 MPa to several GPa) ap- 
plied to the channel region 40 of the NFET 12 would actu- 
ally reduce the mobility of the electrons therein, leading 
to a slower, rather than faster switching speed as desired. 

[0030] Figure 2 is a diagram illustrating a strain profile of a PFET 
110 within a single-crystal region 114 of a substrate. The 
PFET 110 has a structure as described above for PFET 10, 
having a channel region 120 and raised source-drain re- 
gions on each side of the gate conductor, of which one 
raised source-drain region 111 is shown. The raised 
source-drain region 111 includes a silicide region 124 
disposed over a layer of silicon 122, which in turn is dis- 
posed over a relatively thin layer 121 of a lattice- 
mismatched second semiconductor such as silicon ger- 



manium. The thin layer 121, in turn, is disposed within a 
single-crystal region 114 of the substrate. 
[0031] | n Figure 2, the curved lines within the substrate 114 indi- 
cate locations where a strain of the same magnitude and 
type (i.e. whether compressive or tensile) is present. Thus, 
line 126 indicates locations of an equal strain applied to 
the channel region 120. A compressive strain ranging be- 
tween 50 MPa and 2 GPa is preferably applied at such lo- 
cations of the channel region 120 of the PFET 110. More 
preferably, a compressive strain between 100 MPa and 1 
GPa is applied to the channel region 120. Most preferably, 
a compressive strain ranging between 200 MPa and 600 
MPa is applied thereto, such that 400 MPa is a desired tar- 
get for the strain. In the source-drain region 111, the 
magnitude and direction of strain is very different from 
the strain in the channel region 120. In the buried SiGe 
layer 121, the strain can range from 1 to 5 GPa, with 2.5 
GPa being an approximate amount achieved for a particu- 
lar geometry and dimensions of the PFET to apply the de- 
sired strain to the channel region 120. On the other hand, 
the silicon layer 122 overlying the SiGe layer has a tensile 
strain applied thereto. The particular magnitudes of the 
strains in the source-drain region 111 are not so impor- 



tant. Applying a strain of a desired magnitude and direc- 
tion to the channel region 120 of the PFET is the actual 
goal. Such strain is applied to the PFET, and not to the 
NFET, by performing processing methods according to 
embodiments of the invention. 

[0032] Figure 3 illustrates a first stage of a CMOS fabrication 

process according to an embodiment of the invention. As 
a result of processing according to the embodiment, a p- 
type field effect transistor (PFET) and an n-type field effect 
transistor (NFET) are formed. In the PFET, a first strain is 
applied to the channel region by a lattice-mismatched 
semiconductor layer. On the other hand, in the channel 
region of the NFET, the first strain is not applied since the 
lattice-mismatched semiconductor layer is not in close 
proximity thereto. In such manner, an increase in carrier 
mobility of the PFET is achieved while still maintaining de- 
sirable performance in the NFET. 

[0033] Figure 3 illustrates a stage in processing to form a PFET 
and an NFET according to an embodiment of the inven- 
tion. As shown in Figure 3, a PFET gate stack 25 and an 
NFET gate stack 45 are formed overlying a single-crystal 
region of a substrate. The single-crystal region 14 con- 
sists essentially of a first semiconductor material such as 



silicon. The PFET gate stack 25 includes a gate dielectric 
13 overlying the single-crystal region 14, a pair of spacers 
29 formed on sidewalls of the gate conductor layer 26 and 
an insulating cap 50. The NFET gate stack 45 includes a 
gate dielectric 13 overlying the single-crystal region 14, a 
pair of spacers 47 formed on sidewalls of the gate con- 
ductor layer 42 and an insulating cap 52, also preferably 
formed by deposition of an oxide from a precursor of 
tetra-ethylorthosilicate (TEOS). 
[0034] The gate conductor layers 26, 42 preferably include only a 
heavily doped semiconductor, most preferably being a 
heavily doped polysilicon at this stage of processing. 
Preferably, the gate conductors 26, 42 of the respective 
PFET gate stack and NFET gate stack are already provided 
at this stage with desired dopant types and concentrations 
to provide desirable workfunctions. For example, the PFET 
gate stack may be provided with a p+ doped gate con- 
ductor layer 26 while the NFET gate stack may be pro- 
vided with an n+ doped gate conductor layer 42. The 
spacers 29 are preferably formed of a deposited nitride 
and the insulating caps 50, 52 are preferably formed by 
deposition of an oxide from a precursor of tetra- 
ethylorthosilicate (TEOS). 



[0035] Next, as shown in Figure 4, a coating 56 is applied to the 
main surface 54 of the single-crystal region 14 of the 
substrate. The coating 56 is desirably applied by deposit- 
ing a removable material which can limit the deposition of 
silicon in a selective deposition process. Preferably, the 
material is silicon nitride, and the material is preferably 
applied by deposition. Next, as shown in Figure 5, a 
masking material 58 is applied to the substrate and pat- 
terned to cover areas of the single-crystal region 14 on 
sides of the NFET gate stack 45 but not areas of the sin- 
gle-crystal region 14 on sides of the PFET gate stack 25. 
In an embodiment, the masking material is preferably a 
photoresist. Alternatively, the masking material can be 
any one of several well-known etch-resistant materials 
which can later be completely removed such as antireflec- 
tive coating (ARC), spin-on-glass, oxide from aTEOS pre- 
cursor, or various doped glasses such as borosilicate glass 
(BSG), arsenic doped glass (ASG), phosphosilicate glass 
(PSG) or borophosphosilicate glass (BPSG) which can be 
deposited and thereafter removed. 

[0036] Thereafter, the single-crystal region 14 is etched on sides 
of the PFET gate stack 25, preferably by an anisotropic 
vertical etch process such as a reactive ion etch (RIE). Dur- 



ing such etch, the PFET gate stack 25 provides a mask, 
preventing areas below the PFET gate stack 25 from being 
etched. Areas of the single-crystal region 14 on sides of 
the NFET gate stack 45 are not etched because they are 
protected by the masking layer 58 and the coating 56. As 
a result of the etching, trenches 60 are formed in the sin- 
gle-crystal region 14 on both sides of the PFET gate stack 
25. After etching the trenches 60, the masking layer 58 is 
removed, as by a timed isotropic etch. This also has the 
effect of removing portions of the single-crystal silicon 
within the trenches 60 that may have become damaged as 
a result of the RIE etch. 
[0037] Thereafter, as shown in Figure 6, a layer 62 of a second 
semiconductor is grown epitaxially on the first semicon- 
ductor of the single-crystal region 14 in the trenches 60. 
The epitaxial growth process is preferably performed by 
selective deposition such that very little material or none 
of the second semiconductor is deposited on surfaces 
other than as grown on the single-crystal semiconductor 
within the trenches 60. The second semiconductor is a 
lattice-mismatched semiconductor capable of creating a 
strain as a layer grown in contact with a single-crystal re- 
gion of another semiconductor. 



[0038] Next, as shown in Figure 7, with the coating 56 still in 
place to protect the areas in which the NFET will be 
formed, the epitaxially grown second semiconductor layer 
62 is recessed to a desirable level 64 below the main sur- 
face 54 of the single-crystal region of the substrate 14. 
This recessing step is preferably performed by a timed 
anisotropic reactive ion etch. Alternatively, the recessing 
step can be performed by an isotropic etch, selective to 
silicon, such that the etch proceeds faster against the ex- 
posed silicon germanium while etching the underlying sil- 
icon single-crystal region comparatively less. 

[0039] Next, as shown in Figure 8, a second layer 66 of single- 
crystal silicon is epitaxially grown over the recessed layer 
62 of silicon germanium. The second layer 66 is prefer- 
ably grown in a selective epitaxial deposition, such that 
comparatively little or no silicon is deposited except on 
the exposed areas of the silicon germanium layer 62 and 
exposed areas of the single-crystal silicon along the side- 
walls of the trenches 60. Thus, as a result of the selective 
epitaxial deposition, comparatively little or no silicon is 
deposited on the coating 56 and the PFET gate stack 25. 

[0040] Next, as shown in Figure 9, the coating 56 is removed 
from the single-crystal region 14 on sides of the NFET 



gate stack 45. Next, a second pair of spacers 30, prefer- 
ably including an oxide material, are formed on sides of 
the PFET gate stack 25 and the NFET gate stack 45. The 
spacers 30 are preferably formed by conformally deposit- 
ing an oxide material such as from a TEOS precursor fol- 
lowed by an anisotropic vertical etch such as RIE. The etch 
is preferably performed selective to silicon so as to avoid 
overly recessing the top layer of silicon 66. As a result of 
this etch step, the insulating caps 50 are removed from 
the PFET gate stack 25 and the NFET gate stack 45, ex- 
posing the polysilicon portions 26 and 42 below. 
[0041] Thereafter, as shown in Figure 9, a silicide 68 is formed 
on the exposed semiconductor layer 66, and the exposed 
single-crystal region on sides of the NFET gate stack 45. 
At the same time, a silicide is formed on the exposed 
polysilicon portions 26, 42 of the PFET gate stack and the 
NFET gate stack, respectively. The silicide is preferably a 
silicide of cobalt (CoSy which is preferably formed in a 
self-aligned manner (i.e., a "salicide") by depositing a 
layer of cobalt over the processed substrate. Then, an- 
nealing is performed to react the cobalt with the silicon in 
contact therewith to form the silicide 68. The unreacted 
cobalt is then removed from remaining areas of the pro- 



cessed substrate, that is the spacers 29, 30 and the trench 
isolation 17. 

[0042] Figures 10-14 illustrate stages in fabrication of a chip 
having a strained channel region PFET and an NFET ac- 
cording to another method embodiment. Figure 10 illus- 
trates a stage in processing, after the formation of a PFET 
gate stack 125 and an NFET gate stack 145. These gate 
stacks have the same structure as described above with 
reference to Figure 3. For example, PFET gate stack has a 
gate conductor 126 overlying a gate dielectric 113, nitride 
sidewall spacers 129 and oxide insulating cap 150. The 
NFET gate stack 145 has the same structure. A trench iso- 
lation 117 lies between areas of the single-crystal region 
114 of the substrate over which the PFET gate stack 125 
and the NFET gate stack 145 are disposed. 

[0043] Figure 10 shows a stage in processing similar to that 
shown in Figure 5. A conformal masking layer 156 has 
been deposited over the PFET gate stack 125 and the 
NFET gate stack 145. The conformal masking layer 156 
preferably comprises an oxide such as silicon dioxide. 
Layer 156 is removed from the area of the single-crystal 
region 114 surrounding the PFET gate stack 125. This can 
be done in the same manner as that described above rela- 



tive to Figure 5, by block masking the single-crystal re- 
gion 114 surrounding the NFET gate stack 145 and there- 
after vertically etching the layer 156 and the underlying 
areas 160 of the single-crystal region using an anisotropic 
etch such as RIE. During this etch the areas 160 are not 
etched as deeply as they are in the above-described em- 
bodiment. Rather, the areas 160 are etched only partially. 
Later, this etch will define the level at which a top layer of 
silicon will be formed. 
[0044] Next, a second conformal masking layer 170 is deposited 
to form the structure as shown. This layer 170 is prefer- 
ably silicon nitride as a conformal masking layer 170 that 
is capable of providing a stop against a subsequent step 
of selectively growing the lattice-mismatched semicon- 
ductor. Next, as shown in Figure 11, an anisotropic verti- 
cal etch process such as RIE is performed to remove the 
masking layer 170 from the bottoms of the trenches 160. 
During this process, spacers 172 remain on sidewalls of 
the trenches 160 and gate stacks 125, 145. During the 
etch, the masking layer 170 is removed from all horizon- 
tal surfaces such as from insulating caps 150 and from 
over the first masking layer 156 in areas of the single- 
crystal region 114 surrounding the NFET gate stack 145. 



[0045] After this etch, the trenches 160 are further recessed, as 
by an anisotropic vertical RIE selective to the material of 
the masking layer 170, resulting in the structure as shown 
in Figure 12. For example, if the masking layer 170 in- 
cludes silicon nitride, then the etch is performed selective 
to silicon nitride. Alternatively, this step can be performed 
by an isotropic etch selective to silicon nitride. 

[0046] Next, as illustrated in Figure 13, a lattice-mismatched 
semiconductor is selectively grown in the trenches 160. 
The lattice-mismatched semiconductor is preferably sili- 
con germanium. By this process, a layer 176 of silicon 
germanium is epitaxially grown on the bottom and side- 
walls of the trenches 160 up to the level of the spacers 
172 but not deposited elsewhere. 

[0047] Thereafter, as shown in Figure 14, the masking layer 170 
and spacers 172 are removed as by an isotropic wet strip 
process selective to silicon and the silicon germanium 
material in the trenches 160. As a result, the single-crys- 
tal region 114 along the sidewalls 174 of the trenches is 
exposed. 

[0048] Next, a step is performed to selectively grow an epitaxial 
layer 178 of silicon in the trenches 160 over the silicon 
germanium layer 176. This results in the structure as 



shown in Figure 15, which is similar to that shown above 
in Figure 8 with the exception that an oxide masking layer 
156 remains over the NFET gate stack 145 in place of the 
nitride masking layer 56 in Figure 8. 
[0049] Thereafter, the oxide masking material 156 can be re- 
moved, using a RIE etch. By this etch, the oxide insulating 
caps 150 are removed while leaving the nitride sidewall 
spacers 129 in place. The source and drain areas over the 
former trenches 160 and the tops of the polysilicon gate 
conductor layers 126 and 142 can then be salicided, 
preferably by cobalt silicide, as described above relative to 
Figure 9. 

[0050] Figures 16 through 18 illustrate an alternative embodi- 
ment to that described above relative to Figure 9. This al- 
ternative embodiment proceeds from a stage of process- 
ing such as that shown in Figure 8 or Figure 15. As shown 
in Figure 16, in this embodiment, the oxide masking layer 
156 and the spacers 29 (or 129) are removed from the 
polysilicon gate conductors 26, 42 (or 126, 142) and new 
spacers are provided in their place. The purpose of this is 
to avoid device parameter shift brought about by changes 
in the characteristics of the spacers (e.g. incorporation of 
species) due to the increased thermal budget of the sili- 



con germanium and silicon epitaxial growth processes. 

[0051] As shown in Figure 17, first spacers 230 are formed on 
the polysilicon gate conductors 226, 242. This is prefer- 
ably performed by conformally depositing silicon nitride 
and thereafter vertically etching, as by RIE. Then, exten- 
sion and halo implants are performed into the source and 
drain regions of the PFET (i.e. into the areas of the single- 
crystal region 114 to the sides of spacers 230 of the PFET 
gate stack). Extension and halo implants are also per- 
formed into the source and drain regions of the NFET (i.e. 
into the areas of the single-crystal region 114 to the sides 
of spacers 230 of the NFET gate stack). Extension and 
halo implants are performed with only a first spacer 230 
in place in order to implant to regions closer to the chan- 
nel region of the PFET and NFET transistors in each case. 

[0052] Thereafter, second spacers 232 are formed on the spacers 
230 and then source and drain implants are performed on 
sides of the PFET gate stack to form PFET source and drain 
regions; and source and drain implants are performed on 
sides of the NFET gate stack to form NFET source and 
drain regions. In this way, the source and drain implanted 
regions are spaced a desirable distance from the channel 
regions of the transistors. 



[0053] Thereafter, a salicide can be formed, in a manner such as 
that described above in the source and drain regions and 
over the polysilicon portions 226 and 242 of the PFET 
gate stack and the NFET gate stack, respectively. 

[0054] The foregoing has described ways of fabricating a PFET 

and an NFET of an integrated circuit such that a first strain 
is applied to the channel region of the PFET via a lattice- 
mismatched semiconductor layer disposed in source and 
drain regions of the PFET. The first strain is not applied to 
the channel region of the NFET by virtue that the lattice- 
mismatched semiconductor layer is only disposed in the 
source and drain regions of the PFET and not in the source 
and drain regions of the NFET. 

[0055] a process of making the PFET and NFET has been de- 
scribed such that a lattice-mismatched semiconductor is 
disposed in source and drain regions of only the PFET 
while not in the source and drain regions of the NFET. The 
process, utilizing a masking layer formed over the NFET 
areas, relies on etching trenches in the areas to become 
the source and drain regions of the PFET, growing a sili- 
con germanium layer epitaxially therein and then growing 
a silicon layer over the epitaxially grown silicon germa- 
nium layer. 



[0056] while the invention has been described with reference to 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made without departing from 
the true scope and spirit of the invention, which is limited 
only by the appended claims. 



